A previous study showed that transforaminal balloon adhesiolysis via the safe triangle was effective in lumbar spinal stenosis. However, retrodiscal pathology is difficult to treat with this method. Therefore we attempted retrodiscal balloon adhesiolysis via Kambin's triangle. The design of our study is a retrospective analysis. The setting of our study is a tertiary, interventional pain management practice, speciality referral center.
Introduction
Spinal stenosis is one of the diseases that adversely affect the quality of life. Strategies to relieve the pain arising from spinal stenosis include surgery, nerve blocks, neuroplasty, and others. The value of nonsurgical treatment will increase as life expectancy after surgery becomes longer. Expansion of nonsurgical interventions will be necessary to meet the demands of society.
Our institute previously published several articles about nonsurgical interventions, [1] [2] [3] [4] particularly balloon decompression and adhesiolysis of the lumbar epidural space and neural foramen in patients with lumbar spinal stenosis. [1, 2] Transforaminal epidural steroid injection was proven to be effective in patients with foraminal stenosis. [5] However, because the pathology of spinal stenosis exists at the foramen as well as the preganglionic area, practitioners perform the injection at the retrodiscal epidural space. [6] Our previous study showed that transforaminal balloon adhesiolysis via the safe triangle was effective in lumbar spinal stenosis. [2] Based on these results, we perform epidural balloon adhesiolysis in the retrodiscal area using an inflatable 2-Fr transforaminal balloon catheter.
This report presents cases of retrodiscal balloon adhesiolysis in patients with ipsilateral retrodiscal central stenotic lesions of the lumbar spine.
Methods

Patients and study design
number, 2018-0473). All reviewed patients complained of chronic low back and/or leg pain lasting more than 3 months. They were diagnosed with lumbar spinal stenosis caused from herniated intervertebral disc confirmed by magnetic resonance imaging (MRI) except for a patient H. Lumbar MRI of a patient H did not show any abnormality. It can be postulated that the epidural adhesion may cause his symptom because his symptom occurred along right L5 dermatome. In all patients, previous treatment with conventional transforaminal block or retrodiscal epidural steroid injection had no effect or the effect did not last more than 1 month. All patients underwent the same ballooning procedure in the retrodiscal area of the lumbar spine by the methods described below. The balloon adhesiolysis procedure was performed by 2 well-trained pain specialists. The patients were followed up in the outpatient department of the pain clinic at 1 and 3 months after the procedure. Numeric rating scale (NRS) pain scores were routinely obtained on follow-up.
The primary indication for this procedure is radicular pain arising from ipsilateral retrodiscal pathology. The radiating pain can manifest with foraminal stenosis at the same level and also with central stenosis with ipsilateral bulging of the disc at the upper 1 or 2 level of the spine (Fig. 1 ).
Interventional technique: retrodiscal epidural balloon decompression and adhesiolysis
A novel thin (2-Fr) balloon catheter (ZiNeuF, JUVENUI, Seoul, Korea) was used (Fig. 2) . The device includes the balloon catheter, the enforcement wire, a 1-cc syringe for ballooning, and a 16G introducer needle. The balloon was inflated with 0.1 cc of radiocontrast dye (Omnipaque, Nycomed Imaging AS, Oslo, Norway). The introducer needle is covered by a plastic sheath. The intervention was conducted in an operating room that was equipped with an anesthetic machine. Pulse oximetry and noninvasive blood pressure were monitored. Radiographic imaging equipment was also present. In the operating room, the patient was placed in the prone position. A pillow or chest bar was placed under the abdomen to reduce the lordotic curvature of the lumbar spine, [7] thus extending the neural foramen to facilitate the positioning of the introducer needle. Betadine solution was used for skin preparation. In the anteroposterior view, the C-arm (OEC 9800, General Electric Healthcare, Little Chalfont, United Kingdom) was tilted to adjust the level of the vertebra and the end plate of the vertebral body and was then rotated in the ipsilateral direction until the superior articular process met the onehalf of the vertebral body. The entry point of the needle was checked, and the local anesthetic (1% lidocaine) was infiltrated. The needle was advanced via Kambin's triangle (the inferior triangle of the foramen) using the tunnel-view technique. While the needle was being advanced, the response of the patient was considered to avoid accidental painful touching of the spinal nerve.
When the needle was sufficiently advanced, the lateral and anteroposterior views were checked to confirm the accurate position of the needle. The tip of the needle was positioned at the ipsilateral margin of the vertebral body in the anteroposterior view and at the anterior or middle third of the spinal canal in the lateral view (Fig. 3) . After removal of the stylet, the balloon catheter with the wire was inserted through the sheath. The 
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Medicine catheter was not advanced in patients with severe disc bulging, accompanying foraminal stenosis, or retrolisthesis. In these cases, the depth and angle of the sheath were adjusted, and the conventional smooth epidural catheter was used to secure the passage of the balloon catheter. A small volume of normal saline could also be used to secure the passage and resolve the adhesion. When the tip of the balloon catheter reached the center of the anterior epidural space, the wire was removed, the air inside the catheter was eliminated, and the lumen of the catheter was filled with radiocontrast media using the negative pressure technique. If air remained in the balloon catheter, the radiographic image could have some air artifact that could be mistaken for a stenotic lesion. The balloon was then inflated with a small volume (0.05 cc). While the catheter was gradually withdrawn, the balloon was inflated and deflated with 0.05 cc of radiocontrast media until the tip of the catheter reached the extraforaminal area. The balloon was always deflated when the catheter was moved forward or backward. After that, the catheter was readvanced to the anterior epidural space. The balloon was fully inflated with 0.1 cc of radiocontrast media and then deflated while withdrawing the catheter. The duration of balloon inflation did not exceed 5 seconds because of concern for possible ischemic damage. In most stenotic lesions, the balloon was inflated 2 or 3 times without moving the catheter. The response of the patient was considered to reduce procedure-related pain. If the patient complained of severe pain, inflation of the balloon was stopped and the balloon was deflated (Fig. 3) .
If balloon adhesiolysis was successfully performed, radiocontrast medium was injected through the introducer sheath to confirm the resolution of the adhesive lesion. After spreading of the dye was confirmed, a mixture of 3 mL of 1% lidocaine and 5 mg of dexamethasone was injected through the sheath. After injection, the sheath was removed, and betadine ointment and a simple dressing were applied.
In the recovery room, peripheral oxygen saturation and noninvasive blood pressure were monitored every 15 minutes for 60 minutes. After confirmation that there were no procedurerelated complications (e.g., motor weakness, dural puncture, unstable vital signs), the patient was discharged.
Statistical analysis
Continuous variables are presented as means with standard deviation. Statistical analysis was conducted with repeatedmeasures analysis of variance using the Statistical Package for the Social Sciences (SPSS, IBM Corp, Armonk, NY). 
Results
The demographic data of the patients were shown in Table 1 . The mean preprocedure NRS was 7.05 ± 1.40. The mean NRS significantly decreased after 1 and 3 months to 3.91 ± 2.20 and 3.77 ± 2.11, respectively (Fig. 4) . None of the patients had significant complications. In patients A, B, T, and V, there was no improvement or worsening of the symptoms at 3 months compared with basal symptoms. The other patients (81.8%) had significant improvement of symptoms. Three patients (C, G and S) had significant improvement at 1 month, but the symptoms worsened at 3 months. All patients except patient B had neurogenic claudication due to herniated discs. All patients except patients A, C, G, T, and V subjectively reported functional improvement such as walking distance (77.3%). No patient received additional treatment 3 months after the procedure. Patient A, B, T, and V showed poor response to the procedure. Patient B was previously diagnosed with systemic lupus erythematosus and showed no response to the procedure.
Discussion
Balloon decompression and adhesiolysis through the foramen can be performed in 2 ways: the safe-triangle approach introduced in a previous report [2] and the Kambin's triangle approach introduced in the present report. The safe-triangle approach is similar to that used for conventional transforaminal epidural blocks, and it can be used in patients whose lesions are confined to extraforaminal, foraminal, and preganglionic areas.
[2] The Kambin's triangle approach is indicated in patients whose lesions are confined to the retrodiscal area and who consequently complain of radiating pain. The proper approach technique depends on the location of the lesion causing pain in the patient. To resolve the problems caused by compression of the spinal nerve passing down through the site of the central stenosis, our center tried retrodiscal balloon decompression about 2 years ago. In the present report, we showed that an approach through Kambin's triangle can reduce symptoms arising from ipsilateral retrodiscal epidural pathology.
The treatment was ineffective in patients A, B, T, and V. Patient A had a history of partial laminectomy of the right lumbar levels 4 and 5 performed 4 months before the procedure. Epidural adhesive lesions were found around the surgical site on preoperative MRI. Balloon adhesiolysis was successfully performed, but the treatment was ineffective due to advanced epidural adhesion and a possible combined neuropathic component. Patient B was diagnosed with systemic lupus erythematous and had almost no neurogenic claudication before the procedure. However, we decided to perform the procedure because the patient complained of paresthesia of the S1 dermatome and wanted the procedure. We presumed the poor outcome due to lupus-related neuronal damage that had already progressed before balloon adhesiolysis and abnormal healing of the connective tissue. [8] Patient T had become worse symptoms 1 month before the procedure. Preoperative MRI showed a severe herniation of disc and motor weakness (grade 3-4) was visible. Therefore, the surgical operation was indicated, but the patient refused the surgery and wanted to be performed a retrodiscal balloon procedure. Patient T decided to undergo surgery after 3 months of balloon procedure. Patient V has a history of microscopic discectomy at L4-5 level 2 years ago like Patient A. and the symptom started about 5 months before balloon procedure. Preoperative MRI showed thickening of ligamentum flavum and hypertrophy of zygapophysial joint. This patient also scheduled surgery afterwards.
Review of the records of patients who showed positive response to the treatment found that were no comorbidities invading the connective tissue, stenosis was not severe except at the level of the procedure, and central stenosis was more common than foraminal stenosis. In addition, most of the patients did not show the nature of neuropathic pain. In the case of patient E, dorsal root ganglion pulsed radiofrequency treatment was performed after balloon adhesiolysis, showing the nature of neuropathic pain. [9] Neuropathic pain remaining after the procedure can be resolved by pulsed radiofrequency treatment and medication. This may be helpful in Table 1 . The mean basal NRS score was 7.05 ± 1.40. After 1 month and 3 months, the mean NRS score was significantly decreased to 3.91 ± 2.20 and 3.46 ± 2.11, respectively (P < .01). NRS = numeric rating scale. selecting patients who are expected to benefit from retrodiscal epidural balloon decompression.
Technical considerations
The retrodiscal area can be reached by either the sacral hiatus or Kambin's triangle. The catheter used in our previous study was introduced through the sacral hiatus, and the introducer needle was thick, which caused the patient pain and increased the cost. [1] The catheter used in the present report has the advantage that the needle is thinner, which reduces the pain of the patient and the risk of tissue damage. The procedure is easy to learn and can be performed in the clinic. However, the catheter used in the present report has disadvantages that make it inconvenient to apply in patients with multilevel lesions. Furthermore, due to the retrodiscal approach, there may be a problem of incidental intradiscal placement of the catheter. [10] In the case of central stenosis at the L5-S1 level, if the height of the iliac crest is greater than that of the needle trajectory, the procedure may not be easy to perform. In such cases, the contralateral interlaminar approach may be used.
Several approaches through the foramen can be used with the catheter introduced in this study. The first is the safe-triangle approach, which can be a good indication for patients with single-level foraminal stenosis. The second is the Kambin's triangle approach, which can be used in patients with single-level retrodiscal pathology (Fig. 5) . However, in patients with a combined (foraminal and central canal stenosis) case or multifocal pathology, it may be more beneficial to use the ZiNeu catheter through the sacral hiatus, as described in our previous study. [1] As shown in Fig. 3 , the position of the balloon must be in the vicinity of the inferior margin of the target level disc to effectively resolve the decompression and adhesiolysis of the compressed nerve moving downward.
Limitations
The disadvantages of this study are that it was not well-designed or well-controlled, it was not blinded because of its retrospective nature, and no modality other than the NRS score was used to judge the effect of the treatment. There is also a problem with standardization of the procedure because it was performed by 2 pain specialists rather than 1. The symptoms of patients who have undergone the procedure tend to improve gradually over time. Therefore, a well-designed, long-term follow-up study is desirable.
Conclusions
Chronic pain caused from lumbar central stenosis, especially ipsilateral retrodiscal pathology, can be reduced by retrodiscal balloon adhesiolysis. Although this study is limited by its retrospective design, the results suggest that this procedure is a useful treatment due to its ease of performance and costeffectiveness. It is hoped that the results of this study will help alleviate the pain of patients with spinal stenosis.
